Based on the basic theory of poroelasticity, the writers proposed a simple freezing strain model to estimate the unfrozen water content of saturated rock under low temperature. It can be expressed as follows:
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where ɛ ij = linear strain of the porous material under freezing action; a s = coefficient of thermal expansion (CTE) of the solid skeleton; n = total porosity; p i = pressure of the ice confined in the pores of the material; K m = bulk modulus of the material; S l = unfrozen water content; T = current temperature; T 0 = initial temperature; T m = freezing temperature of bulk water at a reference condition (= 273.15 K); and d ij = Kronecker delta. The unfrozen water content can be easily and accurately predicted by the proposed model if only a few common parameters can be derived. However, the function of the unfrozen water content is critical to making Eq. (1) complete, although Eq. (1) may be enough to estimate the unfrozen water in freezing rocks. According to phase-transition theory and the thermodynamic equilibrium condition of freezing, the unfrozen water content can be expressed as a function of temperature and pore-size distribution, as follows:
where r f = critical pore size; and F(r f ) = cumulative volume of pores larger than r f . The critical pore size is (original paper)
where r i = densities of ice; ' = latent heat of fusion;g il = ice-liquid interfacial free energy; and DT ¼ T À T m .
As the discusser pointed out, one key step is to link the unfrozen water content to the pore-size distribution. Here, the simplest exponential equation was chosen to describe the pore-size distribution by fitting the experimental results from previous literature, including Ju et al. (2008) , Dana and Skoczylas (1999) , and Benavente et al. (1999) . Ju et al. (2008) investigated the distribution properties of pores in sandstone by means of computed tomography (CT) scanning tests. Dana and Skoczylas (1999) obtained the pore structure of sandstone by mercury porosimetry and sorption techniques. Benavente et al. (1999) derived the pore-size distribution by mercury porosimetry. The simplest exponential equation is
where m = characteristic parameter of pore distribution determined by the material. As a result, the fitting results are good and acceptable in the original paper, as presented in Figs. 1 and 2.
In Fig. 1 , V1, V2, and F are sandstone from Vosges and Fontaine, respectively. In Fig. 2 , w, l, b, and q are white calcarenite, layer calcarenite, blue calcarenite, and quartz arenite, respectively [details can be found in Dana and Skoczylas (1999) and Benavente et al. (1999) ].
Substituting Eqs. (3) and (4) into Eq. (2), the equation of unfrozen water content varies with temperature and can be written as
The discusser gave a good suggestion that this simple exponential equation may oversimplify the pore structures of rocks because some other experiments have indicated that rocks generally have a much more complex pore structure. Based on this, the coarse and thin pores should be separated by a dual-pore system. Then the pore-size distribution function can be extended to
where V i=1,2 is the volume fractal of pore phase i; and M i=1,2 is the characteristic freezing parameter of pore phase i. Therefore, a further extension can also be made considering the multiple-pore structures of porous rocks, as follows:
where V j = volume fractal of pore phase j; and M j = characteristic freezing parameter of pore phase j. Substituting Eq. (7) into Eq. (1), the relation between freezing strain and freezing temperature is
Clearly, with an increase in phase n, the fitting results of Eq. (8) are in better agreement with the experimental results because the number of undetermined parameters M j also increases. Therefore, the dimensions of Eq. (7) should be determined by the test results of the pore-size distribution of the material. That is why the fitting curves from the new model developed by the discusser are much better than those of the model proposed in the original paper. However, with the increase in the pore phase, many more unknown parameters need to be determined. Therefore, the number of the pore phase should be chosen according to the experimental results of the pore structure. Regardless, it has to be acknowledged that the improvement by the discusser is of great significance. The developed new model provides a better choice for considering the multiple-pore system instead of only a one-pore system. Researchers have also observed the dual-pore network and proposed the numerical reconstruction model, in which the macro-and micropore volumes are calculated, respectively (Bultreys et al. 2015) .
The writers think that the discusser's improved model considering a multiple-pore system is interesting and meaningful. The comments given by the discusser can be regarded as a good supplement to the original paper. The writers appreciate the discusser's attention. Fig. 1 . Fitting results of the cumulative volume fraction of pores.
(Data from Dana and Skoczylas 1999.) 
